The proposed action is for the U.S. Department of Energy (DOE) to provide costshared financial support to Universal Aggregates, LLC, for the design, construction, and operation of a lightweight aggregate manufacturing plant at the Mirant-Birchwood Power Plant Facility (Mirant-Birchwood Facility) in King George County, Virginia. DOE would provide approximately 37% of the $19.6 million cost of the project (about $7.2 million), with the industrial participant providing the remainder of the cost. The project, which includes 15 months of operation and testing, would involve transforming 115,000 tons of spray dryer ash currently generated at the MirantBirchwood Facility into 167,000 tons of lightweight aggregate for use in the manufacture of lightweight masonry blocks or lightweight concrete. Based on the results of the demonstration, the funding provided by DOE would be repaid by the industrial participant if the project is successfully commercialized. The 238 MW net Mirant-Birchwood Facility is a cogeneration unit located about 50 miles northeast of Richmond. It produces both power, which is sold to the public, and process steam, which is used to heat local greenhouses. The plant is equipped with a spray dryer to control sulfur dioxide (SO 2 ) emissions. Universal Aggregates proposes to use the 115,000 tons per year of spray dryer ash currently generated at the facility to produce 167,000 tons per year of lightweight aggregate for use in lightweight masonry blocks and lightweight concrete. The spray dryer ash produced from this unit currently undergoes disposal at an off-site landfill.
BACKGROUND
Currently in the United States, flue gas desulfurization (FGD) technologies are used in many coal-fired power plants, producing more than 20 million tons per year (dry weight) of FGD waste. And, as the requirements of the Clean Air Act (CAA) Amendments of 1990 continue to be phased in, the amount of FGD waste is expected to increase substantially. Presently, the vast majority of these wastes are disposed of in landfills at significant cost to utilities and ultimately to consumers.
As amended, the CAA requires installation of FGD systems to be placed on most coal-burning power plants to reduce sulfur dioxide (SO 2 ) emissions. However, less than 20 percent of these wastes are currently utilized or recycled, while regulatory pressures on power generators are increasing. The technology proposed for demonstration at the Mirant-Birchwood Facility would convert the spray-dryer ash produced at the plant into highquality construction aggregate. The process has two primary advantages for power plants: reduced waste management costs and reduced environmental liability.
Most spray-dryer ash is disposed of in landfills. The current practice is to adequately wet the spray-dryer ash to allow for optimum compaction for landfilling and to control dust levels during transport. The damp spraydryer ash is buried in the landfill where the material gradually hardens into a solidified mass. If a monofill landfill is used, there is a potential to reclaim the materials for low-cost road and structural fills. However, such a landfill would probably be the final repository for this waste due to the low value of such fill material, potential environmental concerns, and the cost of transportation. The cost of landfill disposal for FGD wastes varies greatly by location. Operating and maintenance costs for a landfill are $2-$4/ton of as-disposed material. Capital costs, including landfill preparation, are typically between $8-$17/ton depending upon the cost of land, construction requirements (i.e., lined versus unlined), geology, and environmental monitoring. For a power plant, being able to avoid disposal costs can greatly reduce power generation costs.
Over the past 10 years, various processes have been developed to utilize FGD wastes. In fact, pray-dryer absorption (SDA) systems, which remove SO 2 from flue gases, have been of particular concern to DOE because these systems can generate large volumes of solid waste. SDA systems inject an "atomized" slurry containing hydrated lime, Ca(OH) 2, into the flue gas stream. The lime reacts with and removes SO 2 from the flue gas. Because of the high temperature of the flue gas at the injection site (270°F to 350°F), moisture quickly evaporates from the slurry, leaving a dry powder comprised of fly ash and calcium sulfite (CaSO 3 ), plus lesser amounts of calcium sulfate (CaSO 4 ), calcium carbonate (CaCO 3 ), and unreacted lime. Since this is such a high volume byproduct stream, production of a saleable byproduct could significantly reduce power generation costs, minimize landfilling, and make use of an existing waste material. As an example, the consumption of construction aggregates in the United States currently exceeds 2 billion tons per year. By manufacturing low-density, high-strength gravel material, power plants could actually help the construction industry meet its need for aggregate. And, if coal-fired power plants in metropolitan areas are to meet applicable environmental regulations, particularly in terms of SO 2 control, operators need to consider FGD scrubbing, fuel switching, and possibly early retirement of the plant. Use of an SDA system is an option for small generators (<300 MW units) to consider if wastes management costs are acceptable. In addition, production and sale of manufactured aggregates can make this option viable in tightly congested metropolitan areas where landfill costs are high.
With over 17 GW of electrical generating capacity located within U.S. metropolitan areas, many plants are running out of area to dispose of FGD waste. In addition, President Bush recently announced plans to require additional SO 2 and oxides of nitrogen (NO x ) controls on existing power plants. These additional controls may also require additional landfill area that may not be available. Such land disposal issues can then delay compliance schedules, cause coal-fired plants to switch to natural gas, or force premature closures. If "metropolitan" plants switch fuel or are forced into premature closure, greatly reduced generating capacity and decreased reliability of the power grid would result.
Power producers continuing to use coal need to find ways to reduce or eliminate costs associated with waste disposal. Successful demonstration of a lightweight aggregate manufacturing facility could be the answer. There are 21 spray-dryer facilities currently operating within the United States that produce an adequate amount of spray-dryer ash to economically justify installation of additional lightweight aggregate manufacturing facilities. And, as additional scrubbing of flue gas becomes necessary, FGD will become the technology of choice for power plants with a capacity of less than 300 MW.
The byproducts of various FGD processes (spray-dryer absorption, fluidized-bed combustion, and lime and limestone wet-FGD) have the potential to be utilized for manufactured construction aggregates as substitutes for crushed stone, sand, gravel, and conventional lightweight aggregates (expanded shale/clay). Products from pilot demonstrations of the proposed technology have been determined to meet the quality requirements and industry standards as determined by the American Table 1, while Table 2 shows properties of concrete blocks produced using the manufactured aggregates. A third set of tests were initiated in June 2001, when 2.8 tons of cured, extruded products were produced in semi-continuous production runs using bench-scale equipment and materials from the Mirant-Birchwood Facility. Extrusion was used for agglomeration of the uncured product. After curing, the extruded products were crushed and screened for aggregate production. The crushed aggregate was used for concrete block production at a plant in Maryland. Table 3 compares the properties of the blocks produced using the manufactured lightweight aggregate with those produced using conventional lightweight aggregate and with the ASTM C-90 standard for load-bearing concrete masonry units. The components in both block types are lightweight aggregate, sand, limestone, and cement. The amount of lightweight aggregate used in production of the concrete block is less than the amount of conventional lightweight aggregate used in production of concrete block (26.7 percent vs. 28.3 percent, by weight of block aggregate components). As shown in Table 3 , block produced from the new lightweight aggregate met the ASTM specification for medium-weight concrete masonry units, which is the predominant type used in construction within the potential market area. The market area for manufactured aggregate produced from the Mirant-Birchwood Facility SDA byproduct would be Maryland and Virginia.
In August 2001, 27 tons of cured, extruded products were produced for three different mix designs using the Mirant-Birchwood Facility SDA byproduct in the continuous 500 lb/hr pilot plant. The cured extruded products were crushed and screened for aggregate production. Each mix of the aggregate was able to meet the ASTM C331 lightweight aggregate specification. The water absorption of crushed aggregates (28 -32 percent, dry weight basis) produced by extrusion is substantially lower than had been produced previously (typically 40 percent absorption, dry weight basis) in pilot plant operation with disk pelletization. With one exception, the properties of blocks produced using manufactured aggregates with different mix designs met the ASTM specification for medium-weight concrete masonry units ( The latter approach -installing more effective or lower cost pollution controls -is of interest to power generators since there is uncertainty about future methods for disposal of CCBs. In some cases, concern about the disposal of CCBs has delayed commitments to construct new facilities, perhaps resulting in power shortages and decreasing the reliability of the electrical grid. The cost of waste disposal continues to grow as increasingly stringent landfill regulations become effective.
While pilot-plant and bench-scale testing has demonstrated the technical feasibility of the lightweight aggregate production process, industry acceptance requires the demonstration of commercial feasibility which includes these key objectives:
• Demonstrate that the commercial-scale capital and fixed and variable operating costs are within range of the estimated values.
• Demonstrate that the planned process can produce ASTM specification lightweight aggregates 24 hours per day in commercial operation.
• Demonstrate that the manufactured lightweight aggregates can be used to produce ASTM specification, commercial construction products.
• Demonstrate market acceptance. In simplest terms, the process feeds spray-dryer ash, water, and other components into a mixer where the materials are blended together (Refer to Figure 1) . The mixing produces a uniformly blended, loose, moist, and granular material that feeds directly to an extruder. The extruder is equipped an auger that subjects the material to further mixing and then forces the material through a die (metal plate with one or more drilled or specially shaped holes). At the extruder outlet a cutting device is used to limit the length of the extruded pellets to manageable sizes.
"Green" pellets from the extruder are wet and soft, and must be transferred to a curing vessel for hardening. The curing vessel is a specially designed retention bin that provides for flow of solids without channeling or hangup. The pellets cure/harden as they slowly move down through the vessel. Scale-up of most of the manufactured aggregate process equipment, i.e., belt and screw conveyors, bucket elevators, crushers, and screens would not be a concern. The operation of these components is adaptable and simple, and successful performance has been demonstrated in other solids handling processes. However, there is a need to demonstrate the scale-up of key equipment; the solids mixer that precedes the extruder, the extruder, and the curing vessel. The mixer/extruder equipment combination is used at clay brick plants. Additionally, the ease of extrusion is a function of the mix plasticity which is dependent upon water added, particle shear, mixing intensity, and duration.
The proposed site for the manufactured aggregate plant is on the property of the 238 MW net , Mirant-Birchwood Facility. 
Alternatives

Alternative Sites
The purpose of the Power Plant Improvement Initiative is to pursue the development of technologies that could either increase the amount of power currently being generated or that could help power plants avoid premature shutdowns by installing more effective or lower-cost pollution control technologies. As a result, the proposed action is for DOE to provide cost-shared financial support through a cooperative agreement with Universal Aggregates, LLC. As a cost-shared effort, the project is actually owned and controlled by a sponsor, other than the federal government, and therefore, the scope of alternatives is necessarily more restricted. The agency must focus on alternative ways to accomplish its purpose, reflecting both the application before it and the functions the agency plays in the decision process. It is appropriate in such cases for DOE to give substantial consideration to the applicant's needs when establishing a project's reasonable alternatives.
Potential project sites are limited to locations having existing spray dryers and those with spray dryers under construction. There are currently 21 spray dryers of adequate size operating in the United States, while 5 spraydryer installations are under construction or in the planning stage. Marketing studies indicate that the selling price of lightweight aggregate is sufficient to justify a commercial plant at each location. However, the cost of the reagents and transportation distance to lightweight aggregate markets makes some of the facilities economically unattractive. The location for the proposed project was selected by the industrial partner (Universal Aggregates, LLC), solely using the industrial partner's resources, prior to the submission of the proposal to DOE. In cases where a private party petitions the federal government for grants or permit approvals based on a specified proposed action at a specified location, and the private party submits for government review significant quantities of information on the proposed action at a specific proposed location, the federal government is limited in its consideration of alternatives to (1) the proposed action at the proposed location and (2) the "No Action" alternative. The action currently under NEPA review is whether to accept or reject a specific proposal by a private party. The private party's proposal must be either accepted or rejected in whole, not in part. Therefore, because alternative sites were not proposed by the petitioner, alternative sites for the proposed project location are not considered in this EA.
The proposed action would result in the generation of information that would permit decisions by the private sector regarding the long-term feasibility of manufacturing aggregates from spray-dryer ash. Because of the perceived environmental and economic benefits of this process, a successful demonstration may result in decision to construct similar facilities at other locations. However, at this time no other similar projects are known to be in planning or design phases. For prospective future manufactured aggregate plants, environmental impacts and societal/economic impacts that are location dependent cannot be addressed at this time. Most of the possible adverse impacts would be location dependent. Most of the beneficial impacts cited for this project, such as promoting SO x scrubbing at power plants, would apply to similar projects at other sites.
No Action Alternative
The "No Action" alternative is that DOE would not provide funding for the commercial-scale demonstration of manufacture of lightweight aggregate from spray-dryer ash. Under the No Action alternative, the King George Landfill would be expected to continue to use the spray-dryer ash from the Mirant-Birchwood Facility as daily cover, and tipping fees would continue to be paid to the county for disposal costs.
The main environmental impacts of the No Action alternative are:
• more waste materials would be sent to landfills;
• more raw materials would likely be mined to meet the demand for conventional lightweight aggregates; The eastern tiger salamander, a state endangered species, requires habitat with a suitable substrate for burrowing (especially sand), ephemeral pools that are preferably exposed, and suitable medium for egg attachment (grasses and stumps). Although the actual occurrence of tiger salamanders cannot be dismissed entirely, field observations indicate no high-quality habitat is present on or near the proposed project site. The ephemeral ponds on the property to the north are covered by a closed tree canopy and contain silt, which makes a poor environment for this species.
The pygmy shrew, a federal candidate species, has been collected in King George County along the Rappahannock River. The pygmy shrew occurs over a wide range of habitat types, from dry to moist woodlands to old field and edge habitats. The preferred cover types include dense vines and/or dead plant material, such as leaf mold or rotting logs. Field observations suggest that such habitat does exist north of the project site, but not within the area proposed to be developed. The pygmy shrew is not currently listed or proposed for listing as a federal or state threatened or endangered species, and therefore, is not protected by state or federal endangered species legislation. Table 5 shows the threatened and endangered species and state and federal rank, as well as "five habitat communities" which are endangered and worthy of protection. The project site is not associated with these plant community types. 
Global Rankings:
Global Ranks are similar, but refer to a species' rarity throughout its total range. Global ranks are denoted with a "G" followed by a number. The global and state ranks combined (e.g. G2/S1) give an instant grasp of a species' known rarity.
Water Resources
The / 4 mile from the proposed project site but there is no opportunity for contamination migration to the project site, since the tank is no longer in service. Figure 9 shows the locations of all sites within 1 1 / 4 miles of the project site.
The "accidental release" procedures that have been employed at the Mirant-Birchwood Facility since its origin are shown below in Table 6 . 
Transportation
Roadways
The 
ENVIRONMENTAL IMPACTS
Geology and Soils
No direct impacts on regional geology and geological resources are expected as a result of the proposed project due to the small size of the site (less than 5 acres), and because aggregate stockpiling would be Additionally, lightweight aggregate is customarily produced from the thermal expansion of clay or shale, which is obtained by mining (removing overburden by conventional earth-moving methods). An expected outcome from successful demonstration of the proposed project is that additional lightweight aggregate manufacturing facilities utilizing coalcombustion waste products could be constructed throughout the United States. Impacts to soils and geology resulting from mining clay and shale would be reduced. However, this reduction may be offset by an increase in mining of soils for landfill cover.
Hydrology
The proposed project site is approximately 1,000 feet from a stream which has a riparian buffer zone (Resource Protection Area) established by King George County. The proposed project plans call for the avoidance of any significant intrusion into the Resource Protection Area. Therefore, the proposed project would not directly impact any surface waters. A well would be drilled to supply potable water for the proposed facility; however, the quantity of water withdrawn would be minor.
A Stormwater Management Plan, as required by King George County, would be prepared and would include plans for detention facilities to control runoff. Therefore, no significant impacts would be expected from runoff at the site. 
Cultural Resources
Based on the findings of the archaeological investigation conducted prior to the construction of the Mirant-Birchwood Facility, no historic properties would be affected by the proposed project. The two sites that may be impacted by the proposed project, Sites 44KG100 and 44KG103, required no further archeological investigation due to their compromised integrity. There are no potentially impacted sites that could be further developed for the benefit of the public. A letter from Virginia's Department of Historic Resources concurring with these findings can be found in Appendix C.
Ecological Resources
The proposed project site is vegetated by various grasses and other herbaceous species and is of low ecological value. The grasses were planted for erosion control and have limited food or cover potential for wildlife. The area is periodically mowed. Successional colonization of the project site by forests would not be permitted by the Mirant-Birchwood Facility during the life of the power plant. Woodland areas and designated Resource Protection Areas would be avoided by the proposed project. No significant impacts to ecological resources would be anticipated.
Threatened and Endangered Species
Ephemeral ponds on the property to the north are covered by a closed tree canopy and contain silt, which serves as poor habitat for state-endangered eastern tiger salamander. Furthermore, the proposed project would not disturb this area.
Field observations suggest that habitat for the federal candidate species, the pygmy shrew, does exist north of the project site but not within the area proposed to be developed. However, if the species is listed prior to completion of the project, an on-site survey may be necessary to verify lack of presence or suitable habitat. Finally, the U.S. Fish and Wildlife Service determined that the project is not likely to adversely affect any federally listed or proposed species or their designated critical habitat (See Appendix C).
Water Resources
Best Management Practices for erosion and sedimentation control and stormwater management would be employed during construction of the proposed project. An Erosion and Sedimentation Control Plan would be developed and submitted to the King George County Conservation District The proposed project site is not in the floodplain, and therefore no impacts to floodplains would occur.
Air Quality
King George County, Virginia, is presently in attainment for all six criteria pollutants as defined by the Clean Air Act (CAA) of 1977. In an attainment area, an important air permitting consideration is to determine whether the facility will be subject to Prevention of Significant Deterioration (PSD) regulations. The Commonwealth of Virginia has been delegated full authority to implement PSD regulations within the Commonwealth.
PSD regulations apply to major source categories that emit or have the potential to emit more than 100 tons per year of any pollutant subject to regulation under the CAA, or any major source which has the potential to emit 250 tons per year of any pollutant subject to regulations under the Act. However, the proposed plant would result in emissions below 100 tons per year, and is therefore not subject to PSD regulations.
A facility is considered a major source of air pollutant emissions if it emits 100 tons or more per year of any criteria pollutant, or 10 tons per year of any Hazardous Air Pollutant (HAP), or 25 tons per year of any combination of HAPs. The lightweight aggregate manufacturing facility is expected to emit only one criteria pollutant, PM 10 , and no HAPs. Because emissions of PM 10 would be expected to be less than 100 tons per year, the facility would not be considered a major source. However, it is expected that the facility would be subject to Virginia Department of Environmental Quality construction and operating permit regulations for stationary emission sources.
No significant impact on air quality would be expected from the proposed project. 
Noise
